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REPRODUCED AT GOVERNMENT EXPENSl. 

,'■ —rn 

?0 
Watertown Axseual 
(Ex. o. 51-121,194; ^0X1 

yebmarj 11, 19^2 

äallistie and Metallurgloal Propertiss 

of High Alloy Pace Hardwed Armor Plat» 

Made T»y the Pliir—It Prooaia 

OBJECT 

To determine tne ballictic and aatallurgieal propartie« of 
Floramelt,   (a composite araor plate) Including chemical enalysl«, 
macro ecoplo anu mlcroaeopio examination, and hardness surveys. 

BJOMMOM 

o.o. U70.1/1069 W.A. U70.1/5178 

The basic correspondence and material pertaining to this 
report are contained in Appendix A. 

GORCLUSIOys 

1.    High alloy face hardened armor plate (.35/.^ carbon, 
12/13 chrome fcoej  .0D/.08 carbon, 12/13 chrome beck) made by 
the Pluramelt Process is not  suitable for good efuality armor 
plate for the following roaeons: 

a. Spalling of front facn and occasionally back 
upalling. Of forty-two (^2) Pluramelt plates tested 
at Aberdeen Prorlng Ground,  only seven (?) pasned.     (See 
Table H.) 

«V. ■ 

■ - 1 

b. Poor flame cutting properties. 

c. Exceptionally high chromium content. 

<*? 

•■■■» 

tm 

2.    I'etallurgical  examination shoved the following defects 
in  the material: 

a.    Pronounced bands of carbides and some grain 
boundary carbides in the hard surface layer.     (See 
figures 11a,  b, l6a, b, and 17a, and ISe.) 
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HEPRODUCED Al OOVERNMENT EXPENSb 

IM'tiiiMVIlim 

In April iS,ir). r«preaentntlv«« from the Alle^Ueny Lndluai 
St««l Coruoration uliicuai«d with the twetnleal etaff at w&tertown 
Arsenal r coop^ritiT« tirofT*" covorln^ the aetallurrleel eTnia»- 
tlon And b'ilHatio teet« of Yßriou« saaple« of Plurn^elt.    yvonord- 
Ingly,   raajnien l/ß" and 1"  thick were aubaltted fir InTettiKAtiea 
ae follows: 

Plate Me. 

kRyo 

AK35 
AH36 

AR}8 

AH39 

bit« 

I'x36"x36")- welded plate ? eaotlon« 
)    ex? lined - noted as •B" ft "C** 

I*x36"x36" 
l/g^xia»»!?" 
l/8»xl2"xl2" 
l/g-xia^slZ» 
i/B^xiz^ia" 

The explciimtlon of the Pluramelt Prooeet la uoae datall la 
frlyen In Appendix A, 

TüuT j^iocmnut; 

1.     3ftlllstlc Testa 

BnlllEtlc teste were mad« on the 1/8* thick material at 
^'atertown Arsenal while the 1"  tiilek plates were tested at Aberdeen 
ProTin*: riround. 

■A 

, 

I, 

2,    Metallurgical KKwlnation 

P.     (Vtewlonl Anelysi8 

Qtiemlcal aaalyale was aada on the eurfno« hardened 
layer and also on the back  faoe of the plate« after they were 
fmn«Rled by hsctinff to 1500*F for one hour and oooling in tho 
fumAoe. 

b,    KprroRCople JbowlnHtipn 

Lnn •Itadlnal and trenareree seotlon« cat fro» the 
plates were etched in Obarhoffer'o reagent and la tho atandard 
water tr.-n Arsonnl Baeroatchia£ add alxture aontfialng «^^ . _ .... 

üD i ; m 
1      i  c 
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Hfc-PRODUCFD AT GOVERNMENT EXPENSt 

f    . 'J J'J w   'U-; t 'j »■. 

r. i 

12 part» by Tolutii« cone H^SO^ SpOr l.H 
)&      •        *      * "      HCL        •    l.X 
>o H20 

iilcroßooplo e^aalnKtlon wa« MUL« on bh» «urfae« 
oardenea Lfly«re# fit ih« Junction of th« fae« har(l«a«d enrfac« 
and ntrrl T,<,>.,., , nd alto on th« et««l bato of th« vt.rlou« sanpl«« 
^ubnltted. 

*•    t'tiygieal Tattii 

^dyeical tatitR w^r^ rand« on  th« nine! hn»« of  th« 1" 
tnlck :)lrtn,   in.   AK35. 

e.     n.Brrtngim 3ttrv«ya 

Vickeri Brinall harcin««« suj-raye w«r« nmi« on ■•etlons 
cut fro») th« plsitas to «how the variation In riardaes» from tVs« «ur- 
f;;C«   'o  the r^-ar  fro«, 

R«m.TS Of TJBSTS 

1«     -;'Klli"tlc Taatg 

ß.     BallittlO ^ronortiea of Plat«« Exaalnfld 
y.t   Jatartovn Artcmal  

Th« balllatlo t«ste wer« mad« at Aberdeen Proving 
round ftriü at watartoMi Araanal and th« r««alt« of th««« t«st« ar« 

i-ecorded In Table I a« follows: 

Plat« .^30 - A.P.O. Partial tt«port No. itf, 
dat«d Januar/ •?,  I9U0. 

Plate AK35 - A.P.a. Partial fioport Vo. 179, 
dated »'•bnuiry ?6, 19U0. 

Fletes AR3G, AR37, AH3S.  AR39 - w.A. L«tter h«port dated «•/ 28. 
19^0 ooTerln« W.A, Belli •tie 
Report« 115/13,4. 115/135. 115/136. 
and 115/137. 
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MFPROniJCFn AT ^(jVERNMENf EXPENSb 

J*lat« 

AR37 
VJHYI?« 

i 
AR39 
l/S*xl?*xl?." 

T»ol« 1  (Cont'd) 

Kound Strilciiiff 
tin, iunnunlltlon ¥»loeltjr 

»*   Ort..>0 A.I*. ia9?2   2600 

5 C&1..30 Ball Stnrloe 2600 

6  CK1..30 A.i\ M92?  sfoo 

i Cal..30 A.F. M1922  1000 

? N 1000 

3      •      i?oo 

U "      1000 

'j        " 1000 

C 0al..30 Juli -jerTloe ?600 

7 C«l. .30 A.P. M1922 ?600 

1 Cal. .30 l.f. M192^ 1000 

2 •'        1000 

3 '♦      1000 

H Cal. .30 Ball SerTloa 2000 

5 Cal..30 A.P. M19?2  2600 

Rmuirka 

(ionplat« pen#tr&tlon.  Mi 
round 3«    3o">« elrcralar 
craoirs   at lapaei. Irvgalmr 
itaU aV)ttt  l/U**-?/**. 
Uownlet« penetration,   irragn- 
lar hoi« Rboat 3/U»i7/«»| 
IUAAII ornoka at front and 
r«ar facs. 
Govplat« T>snatrntlon,   irragix- 
lar hoi« ebout }/8*xl/2*. 
Uoall surfad« crack. 

Partial p«n«tratlont no 
cracks,  »li^ht Indentation. 
woBiplftta nonetration,  clean 
cut hoi«. 
Gomplat« nanatratlon,  el< 
out hoi«. 
Coaplet« panetratlon, el< 
out hoi«. 
Complct« penetration,  cl« 
cut hoi«. 
Complat« penetration,  Irrngn- 
lar hoi«,  l/?«x5/g".  Ciroulor 
craek» on eorfao«. 
Uonplete penetration,  irrega- 
lar hole,  l/2*x3/8*. 

Partial penetration; nunehlng 
ntarted, no crooV«, 
Uomplet« penetration;   clean 
cut hole, no craoVe. 
Oomolete rxmetratlon;  el ««a 
Ott hoi«, no ertok«. 
Ooi«Dlet« penetration.  Irraff»- 
lar hole r;/8',xl/2«. Circular 
eraek« at Impact. 
Coaplete penetration.  Irragn- 
ler hol« 5/&XI/2*,  Olrcular 
crnokii at Imoaot.  Saall parti- 
oies blown fro» baok. 

t ■.- 
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Rf PROOUCf 0 AT GOVERNMENT EXPENb 

VHbl« I  (Oonl'd) 

KäM,   AH3«, amd AH}* at a ■tritria« 
v«»lclty b«Iov that required by 
iipec.  AX3-5Ml-EeT.3 (requlrvawt» 
1550 f/«, Cal.  .30 ü.f. bjr •xtrmpolatlua). 

K.-, 

.y.!-,H-; 

-5^- 
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REPRODUCED Al GUVERNMENT EXPENSL 

b. u^nuia« of Balllniic   ('«et* on riturt    it 
uL A"«rd.»*^ «rovia^ lirotuid  

.ii« r«ttin« of baLlltstio t««t« bad« on nigh ohroalun 
AllogUu.xy Lunjuiii "luriiMelt at Abwrdaen ^rorln^ Qrnimd (r«fer«no«, 
A.P.vJ, . rirti.i . f -ort« 156, i/'i,  IWU,  ?li),   R?6,   ^G,  2&C, and 
310)  ai-.. srvov-.i In Vitble II. 

'Xabla II 

Raaua« of rialllttle 1'aata 

i lAt« O00& »ad 
otiaknaa«        Plf*,t««       Plat^a        TDtal 

l/«M 0 u u 
i/U" ? 79 
5/«" 1 3 »> 
l/S" 1 & 6 

3* 3 U ? 
1-1/2* 0 k h 

7 35 ^ 

c. ■ iilstle Tagti! of §j Klekel JPlurawalt 

-.lllntlc tagt« mada on th« naw *)'$> nicVnl fluremalt 
a» raportfd by    lla^hany J.udlura Ooappny nra ^ITWI  In Table III. 
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REPRODUCED AT GOVERNMENT EXPENSL 

•mm ■•' 

gablg III 

BnlliBtic A'ropTtl#« of idlwfhuny riuraaalt »rmor fl«t«» 

U3U9U 
1+3301-i 1 
Aa-155 
AR-15G 
^3^86-13 
H3U9U-2 
1*31+3 ii_5 
U3U9l*-u 
U3U9U-12 
U3301-1U 
»♦3301-1^ 
^31408-12 
U3538-10 
43301-3-? 
1+3301-3-2 
1+3301-10 
1+3301-13 
1+31408-1-2 
U3UOS-1-2 
1+31408-2-2 
li3l+OS-2-? 
•131+08-9 
H3Uftk.3 
H3U86-3 
U3U36-? 
^31+86-3 
1+31+88-15 
U3i»rjlt-i 
lt3U9l4-6 
U3U9I+-13 
i^liqlui 5 
1+35U-13 
1+3511-16 
Axc-15l+ 
^5301->3 
'+31+08-2-3 

i'tilcL-    Brlnell Hardnena 
n   !;•; iTec« 

Lowost Rssult' 

3/16'' 57« 
3/16 600 
l/U 532 
1/U 578 
1/U 600-627 
1/H 532 
lA 578 
1/U 600 
1/1+ 57«-652 
1/1+ 57« 
5/16 578 
5/lb 600 
5/16 600 
5/16 600 
3/H 600 
3/« 613 
3/8 600 
3/8 575-600 
3/8 600 
3/8 627 
3/8 627 
3/8 613 
3/8 Goo 
5/K. 532 
3/« 600 
3/8 578 
3/8 570 
3/8 600 
3/8 600 
V8 600 
5/8 600 
3/8 600 
V« 578-600 
3/8 600 
1/2 555-57« 

627 1/2 
1/2 627 

Back ^«munition Gosplfitfl Tabl« 1 Tablt 2 

J+60 .30 C»l. M-2 2001 HP» OK OK 
1+U1+-1+60 .30 OmX. k-? 2112 OK OK 

1+1+1+ .30 Cal. K-2 1916 I f 
m .30 C«l. tt-2 211+0 OK OK 
IM .30 Cal. K-? 2271 (IK OK 
1+1+1+ .30 Oal. M-2 1967 f f 
1+1+1+ .30 Cal. M-2 2269 OK OK 
1*77 .30 Oal. M-2 2077 HP OK OK 

U60-1+77 .50 Oal. M-2 211+5 KP OK OK 
i+i+i+-i+6o .30 Cal. M-2 2081 OK OX 

1+1+1+ ,30 Cal. M-2 227« OK OX 
U60-I+77 .30 Cal. M-? 2311 OK OK 
i+iti+-i+6o   . .30 Cal. M-? 202«^ f F 

^77      . .30 Cal. M-2 2l6»»»» t 3? 
i+i+i+.it6o   . •50 Oal. M-l 1957 GK OK 

U77      . 50 Cal. M-l 1908 OK OK 
U60-I+77   . .50 Oal. M-l 1931 HP OK OX 

i+Mt .50 o^x. M-l 19^2 HP OX OX 
m 50 Cal. M-l 2162 HP OK OK 
Wi 50 Oal. M-l 1930 HP OK OK 
l»77       . 50 Cal. M-l 2130 HP OK OK 
»♦77      • 50 Cal. M-l 2098 HP OK OX 

1+60-U77   . 50 Cal. M-l 1903 HP OK OK 
1+U>» 50 Cnl. M-l 1786 f I 

UI+I+-U77    . 50 Oal. M-l 1912 HP OK OK 
1+UI+-I+60   . 50 Oal. M-l 1892 OX OK 

14UI+ 50 Oal. M-l 18146 OK I 
UiiU 50 Cal. M-l 1826 OK f 
U77    . 50 Cal. M-l 1871* HP OK OK 
U60 50 Cal. M-l 1903 HP OK OK 
Ul+if 50 Cal. M-l 1925 HP OK OK 

l+l+i+-i+6o   . 50 Oal. M-l 191+2 HP OK OK 
M+1+-1+60   . 50 Oal. H-l 1981 HP OK OX 
1+60-U77   . 30 Oal. M-2 2U1+7 OK OK 

UM* 50 Oal. H-l 230H OK OK 
Ul+U 50 Cal. M-l 2179 OK OK 
1+60 50 Cal. M-l 2221 OK OX 
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REPRODUCFD AT GOVERNMENT EXPENSE !■'*- 

**lmpuatB lrr«,;alar,  on« ihowAd co«pX«i« pvnstrnilon at velocity of 
30?« it/», othar« ahow«d eoapl*t«i at tX»>2311 amä partial« at 
2263-3319. 

***Iap^ctn In f   ulpr,  on« ahovad oonplata panatratlon at rcloclty 
öf L'lGU ft/fc,  othars ahowad partlala at 220U-?0f>7 and 3379. 

^Saa WlfiCf Uon 0.8. Mo, 595, faWaa 1 and XI. 
r n Jf^lled 

-7»- 

\:.t.L.,i.'t..\\it-\;m:.i Ti>'■ tii'n,'n'i •»'» MII '■ im '"i ■"! ■i^^^^^lj^i,hfcj^l 



HfcPROOUCFD AT GOVERNMENT EXPENSt 

J?.    Metnilurpioal l&CMlnwtlon 

n,    Ctiomloal Analywea 

fuicnl  cumlymB of ih« iJlnran«lt plnt«e ar« ^ITCII 

in Trbia IV. 

Tnble IV 

Fl.-'te l]n.  JJ^ JNto J^        a SI HI Cr 

AR30 i'*.ce .35 .15 .006 .016 .350 O.9U 12.«+5 

^30 Ke«r .07 .»K) .015 .006 .365 1.10 12.28 

AB35 ^ es .M5 .30 .012 .02? .765        .«5 12.85 

Ah35 Hear .06 M .010 .015 .1K)0        .»7 12.99 

AÄ36. 37. 3«, 39 .29      .29      .007      ,016      .500      1.06      12.15 

AK36 Keer .055    ^3     .009     .023     .570     1.00     12.66 

t.    Macro «troo tor« 

(l) The naci-ostructure of th« platu« a« raraalad by 
the derp etoh in d^flcrlbed below» 

Plat» A:I30 Wwloed Flat» 

' ection ') - Th« metal near the top and bot too eurfaeet 1« 
quite ulpnn and  shows a fin« «aid uniforn macro«trueture.    In the 
«entrr.l portion,   there are a  f«w  noattiered Irunlnation«. 

■i&jnple 2 VS.M cut at ri^ht on^lee to   neotlon 1. 

Section 0 - The metal in  this plate i« similar near the top 
and bot to:. Barfaces to that described for plate B but the central 
portion 1? henvlly lamixated rnd contains «one etohed-out impurltien. 

Sample 2 wet out at right anklet to  section 1. 

Plate AH55 

Th« fro« of the plate show« quite prominent veli-dlstrlbuted 
pit« after «tculng.    The fusion between the feee and th« haee layers 

-8- 
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REPRODUCED AT GOVERNMENT EXPENSE 

Dapth of 
Plat« No. Dtoarburlt itlon 

AH 30 .015" 

AB35 .01" 

AR 36 .01" . 

Aa37 .022" 

AH3« .012« 

A»39 .01" 

The ^rala  nit« of the outer hard layers and the rear 
facer, of the plutea la given below: 

Grain 31aa 
A.3.T.M. »0. 

Plato Ao. Outer Hard Surface Soft Back 

mjo 7 3 

A235 less than 8 5-6 

AR36 g - 10 6-7 

AWl 6 5-6 

AR3g 6 5-6 

^35 s - 10 6-7 

la the high carbon layers of plate AK59 and AR36, 
there Is a pro^reBelre Increase in grain site fron the prominent 
band to the outer surface of the plata. 

Fine grain boundary carbides are present in the low 
carbon 1-yerr, of nost of the plate« as rewealed by the Murakaai 
reagent.    (Use Slguraa 17c end 18d,}    Sane proalnmt grain bound- 
ary carbide ohains occur in the Junction of the high and low car- 
bon layers in plates AÄ35, AR36. AB37, AITJS, and AH39.    (8M flfwaa 
17b, and 18c.)    ^one aadiua ait« grain boundary carbides are present 
in this area in plat« AE30.    There are fine grain boundary carbides 
present in the hard surface layers of platea AR37, and AR38.    Pro- 
nounced carbide bands are present in the high carbon face of plates 

-11- 
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RFPROOUCEn AT GOVERNMENT EXPENSt 

ARJO. &U35, AU36, and AH39.     (So* Figur«« l6a,   c, and 18a.)    Th« 
Murakajal ate ■.  nnows that th«r« 1« a aor« ooaplat« solution of 
oarbide in %n» rurfao« layer of plat«« AH37 and AI13S than in th« 
othor  «anplea.     '<om« «Tidano« of band« of carbid« ar« present in 
th« «to"! voHH of plat« AR33.     (Sea Figar« l6d.) 

Vhe thiedene«« of th« layer« on the f lurrmnlt is 
.:iT«n belows 

Plat« No. 

AR30 

Total 
'-/hickne«« 

Inche« 
1.00 

High Carbon 
Oat Eide Layer 

Inch«« 
.189-.31 

Low Carbon 
Back Layer 

Inchos 
.811-.69 

Junction 
Inche« 

AH35 1.00 .35 .58 .07 

^36 .132 .05^ .05? .023 

AI137 .132 .05^ .0U3 .039 

AR3K .132 .036 .061 .035 

Mi 39 .132 .06U .Ol46 .02? 

9' Fhysieal Teat« 

Physical tents mad« on the «t««l bat»« of th« plat« 
AH35 are rpportod in Table V. 

Y.S.P. 
.OIJ» Set 

Vlate Ko.      LbB./üq.In. 

AR35-1 

;^.3^-p 

llU.OOO 

105,0Ü0 

Table V 

T.S. 
Lb«./aq.ln. 

188,000 

162,000 

Klon«. 
% 

in l.k* 

7.9 

5.0 

Cont.  of 
Ar eft 
 1_ 

?U.l 

lC.6 

Reaark« 

lot«;  - Sainple 2 cut at ri^ht anfil« to sanple 1. 

Vraotur« basin« at 
«mall crack at outer 
ed<«. Irregular 
break. Snail non- 
metallic streak«. 
'mail gae eavitle«. 

Irregular break, 
«■«11 nonaetallio 
area«, fracture be- 
gin a at «nail crack 
at outer edge. Large 
eraak ea «tea.  
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REPRODUCED AT GOVEnNMENT EXPENSt 

d.    iierdnem Sorrtyg 

(1) grlngll Hnrdnati» 

1 rlnell hardnenn vnlu«« A« r^portsd and d«t;«nBln«d 
at Watertovn Aii-;;pnol iur» Riv»n  bf>lovt 

        Brinell Kjirdn«««  

if lie« Back 
"Wf 155 
m }^0 
»♦77 36U 

kt Rgggrtgd PotwnBinod mi WatTtonn Arwynal 
flat» ^o. jtece      iiaak 

AH30-B * " 
AiVJC- G 
AS35 525      375 

(?)    Vlokar» arinell liardn««« aarT«yB 

Vlak«rt JrVaell hardn*!« turregrs nad« on oroM 
«•otion« of tne plat«« ar« shown in 7igar«t I9-.?1» InelaslT«. 

Tne reaiilt« of thi« investigation indicate tfmt  the high chrowlua 
.'•'lunvjclt materltti is not nuitablß for ^ood quality armor hecau«» of 
tb« spalling cnuruoteristloa of th« hard surfen« layor, poor flaoe 
cutting clmrncterietic« and the high chromium content. 

It its clnined by th« nanufootureri that thi« tyn« of Flunwelt 
con be neat treated to th« proper hardn««« by noriuAllsinf; only. 
Metallurgical ftxanination en the plat«« submittad for thi« examina- 
tion indicate« that th« nonnnllsinf treatment de«e not in all MM« 

retain the carbide« completely in «olution la th« hard vurfaoe layer 
r-nd in mnny easee in th« «teel bate.    Th««« ««greeted enrbide« la 
eonbinntlon with elongated noametalllo« present in many of th« plat«« 
may be contributing factors to  fnllar«. 

It  «hould be noted that of forty-two (U?) flurwoelt plat«« tested 
at Aberdeen irovln^ Qround only  neven plats« passed.     (See Table II.) 

It is clnlmed that this type of Pluranelt welds aatl efaetery. 
In the caee of the 1-lnch plate AR30,   the veld withstood the p«n«- 
tratlon te^t but the plate itself failed.  (Reference,  I'jTth Aberdeen 
Prorine Ground Partial Report.) 
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HFPRODUCFD AT GOVERNMENT EXPENSE 

A ^ ■% »■■ 

within th« pant jraar,  the mnnufaeiurorB of Plurnrelt have 
develo >,'d another typ« of herd surfao« aruor contt-lniac 5^ nlckal, 
with about OjU' > oarboa In the nurfaoa end about 0,20$ onrboB im 
the Rtnol beee.    Ut.rj ta»t« Indloafc« that thi» le a promitln« 
naterial.     (ie^ Table III.) 

^cl 

Vast« mnde at Watertown Arnenal Indicate the material haa 
rtood b^lllistio and ahodk r©«l«tf nee bat there van a ell^bt  Indica- 
tion of brlttlenef«n on the rear fco* daring the «hook tett. 

•■L-arns 1-G InolaeiTe illustrate the naerottmoturee of th« 
hl^h ohroraium : luramelt. 

ii^urPB 7-1B incluelre »how the microttraetaren of thi« 
mnterinl. 

Figaree l'j-3^ «how the hardness  eurveyn of fluranelt plate« 
of TnrlouG thickneeee«. 
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HFPROnnrFD AT GOVERNMENT FXPPNSF 

stgar» l 

VliuiTGiitnctvr* 

Pggg steh 

Plate AHjO - ..elded Plat« 

Sgotion B 

Th« meted near the top and bottoa eurfac«« la quit« clean 
and enow« a fine end uniform maoroatraotur«.    In the oentral 
portion,  there are a faw aeatiered laalnatlont. 

Sample .-' wne out at rlf ht angle« to  «aaple 1. 

aectlon C 

I'hn metal in thin plate la similar near th« top and bottom 
eurfftc»«) to that deeorlbad for Plata B, but the oentral portion 
l» heavily laminated and oontalns «om« atahed-out impurltloe, 

Kote the varlatloa in thieknaat In the hard mirface lajrer«. 

3ninplA ? was oat at right angle« to  «ample 1. 

v>:v;ffi<>:v::.-:vv:-.-:-ö^ 
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nrPRonurFD AT COVFRNMENT pyprNsr 

Figure 3 

fgm in ■ jWfinii7,">:TSTr':rvr'''y:'"'":'"'ri^' 

W.A.53f*-3Q0ö 
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tu pnoniirFii A I GOVFRNMTNT rxprNsi 

Fig>ir«» 5 

W.A .tov-iSO? 
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REPÄOOOCFO AT GOVERÄMINT EXPENSE 

V Sf— IT — ■—   «1" 

a, Tjrplool non««tÄlllo Inclualont I» the low carbon roar 
"     fp.ca of plate« AHJO, AH35. AH36, AR}?, AR3«, and AH39. 

Unatched XlOO MJU3393 

b, lyplenl eloacatad neaBetalllO Inclutione in the high 
carton hard iurfaee layer on plates AB56, AB37, end AH3R.. 

Unetched X100 MA-3397 

e. Typical elonnated nonm«talllc Inclueioae in the hl^h 
c? rbon hard sarface layer on plat* AH39. : 

- 

Unetched X100 MA-39960 

d. Typical elongated nonmetalllo lnclu«lont about  ,15" 
below aurfac« of hard tnrfac« of plate iUi3|). 

ünetched X100 MA-3|K)2 

:"- w . 
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RFPrtrtDurrn AT COVERNMPNT FXPFNSI 

Figure 7 
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(•) (t) 

(c) 

Reproduced   (rom 
bes.   available^op^ 

(d) 
W.A.i. J')-Jt'CO 
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REPRODUCFO AT GOVERNMENT EXPENSE 

■' ■ ■■ 

Micro 3truetur« 

Flat« AR30 

a. Bend«! of o«rbid«a la hard surfM« layer. 

atch«d in KnrrJcaai1« Raa^ant XIOOO MA.3I88 

to. Another area at U NaN.    firUansa of ßreln boundary 
earbida. 

stohed in Murakaai't HMM$ant XIOOO MA-3I9I 

Plata AR%j 

0. donds of oarbida in hard «urfaa« layar. 

Etch«d in üurftkaal«« Paa^ant XP50 MA-34l6 

M 

d. B«indf. of onrbida« in iinft flt««l bAR« of platn.    TKA 
dar*: f"-lohnlet? ar« «teh»d dalta farrlt«. 

Rtehed in Murakaai'i Baa^ant X250 KA-31*!? 
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REPRODUCFD AT GOVERNMENT EXPENSE 

Tigvre l6 

(a) (b) 

•1 
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(i^'Äi'y/!<* 
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\ 

.-.:. ..,Ä. .■•'".■•■•.:.■ •■■■ i^.Äv.^ 

»: 

.■» rt'Pf-, .'«[»*■' «a 

(c) W.A.639-3818 
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REWÖeÜCED AT uOVtAllVfT FXPgNSE 

y.  ■   t    -    B    .    TT—C- 

■"J 

Garb id«»   JlPtrlbutlon 

/.• 

.•AiV!^,"'1! 

a. fypioal bands of earbldsfl In th« hard «ur/oo« lagrar of 
/■'■',,  inoludlnc **»• proalnnnt band trhleh mas parall«! to 
the plate surfaea, aidwcgr oatwoon the plato eurfaoo and 
oftnter of the Jmetlon ton«.    Th« In dual on  etringor which 
hc^ins th« :riolu«lon-cracV  «jrstoa oeears in %ha hand.   (Tha 
•trirxger Vi.f; been attaekad b/ tha etch.)    Hie oarbide dlo- 
tribittloii in the hard anrftice layer of flate AliyS 1« the 
B&jte as illustrated by th« photoaicrefraph. 

Uohed in Murakaal't Heavent X250 10-3415 

JI'^A^frVViJ.» 

-     > 

b. .y^iC'.l bände of carbides in hard surface laysre of 
Plates ^.37 tmd ARJg. 

fitohed in Marakaai't Beaeent U^O MJU3U12 

c. Typic&l .-.rain boundary carbida found in the canter of 
Junction aona of hard sorfaoe and soft back of Flatea AR36, 
jLft37, Aa3S. and *&}$. 

JBtched in HuraJcaai's Haa^cmt XIOOO KA-3U11 

d. lyplcai mleroatrueture of aoft steel basea of Plates 
Al.56, AE37. ^136, and AH39.    Blade globules «re etched delta 
farrite. 

ütched in Murakami's Peasant X1000 IO-JHIO 

a. TjrpicsJ. grain boundary carbide found in the hard «urface 
layars of Plates AB37 and AP.58. 

Xtched la Muraksal's Reagent X1000 IU.3U19 

■■#•■'* 

..> ^-- ,"■ 

' --"• ■'*«''«'' «"' ■"" ■'"«>.'»":^"'«'•■ *':■■''1 tm ni'rf'r^j" ■'• i'' ha■^>ajiaai^i^in^i^ii^iliifaäli riM 

i 
•/-.I 

aaäiJiiiMkÜHiiiliiiiiiii 

















p* » V""  '*"" "■■ - V. ly^ i   u . IJIIJ^MI T^TT^T"TT»T^T^T^T^7^T7^r7rT-^T7r-r^r-^r' 

' 
.    '-'■u-- 

I 
r 
i 

I.^V^.'^v!-*. ..:;,,, 

/ 

J"   **   tn   ■*   *"   •". •*   -"^ ■'_ ■•'» *''• "" ■'. /. ■". 








